Abstract
Introduction
One of the topics that are commonly addressed for achieving a sustainable city is mobility. How people commute has become a topic to study due to all the consequences that the modal split implies. Car dependence is becoming a common problem due to the different economic and social causes (Szendro and Torok, 2014) . Contamination, bad use of resources, economic losses, social exclusion, among others are the consequences that anon-energy efficient and pollutant commute brings (Szendro et al., 2014) . The constant growth of the cities depending on different circumstances brings a change in the citizens, especially on the modal split.
The inclusion of car, or how some authors call it the born of the car city (Newman and Kenworthy, 2011) has been caused through industrialization; but how people have embraced the car is another history. Whyhave certain cities completely changed to car-oriented commuting? The reasons are extremely for urban planners who aim at changing the modal split of a city.
Latin America is following a motorization trend comparable with developed countries, but the conditions are different to this kind of countries. As shown in Table 1 , some Latin American countries increase their motorization faster than developed countries. Figure 1 illustrates how fast the current gap between the Latin American countries and the developed states is filled until 2030. In fact, the average annual growth rate of car ownership in Latin America is much relatively higher than most of the countries in Table 1 . Figure 2 
depicts how this figure Latin
America has overtaken all the major Western countries. The current status of other Latin American states that are not found in Table 1 is depicted in Table 2 .
Why car is becoming a priority for commuting in this region is important to find the exact reasons without assuming that the trends are the same as the developed countries. There are similarities indeed, but a generalization of the studies by region can be problematic if the aim is to create guidelines.
The work of different researchers has been based on describing a sustainable city and how to achieve it, but not all have investigated the reasons behind people's choices regarding mode choice. Latin American studies have followed a trend on their approaches and locations to investigate. Investigating a diversity of researches is critical to have different comparisons and not to assume just a tendency in a certain area. The aim of this paper is to provide a description of the available literature on the topic of mobility for the region of Latin America with a special focus on car ownership and dependence. The analysis consists of a review of the used methods for analyzing such as the diversity of case studies, the approaches and the topics tackled. This part is followed by an analysis of how well some topics are covered and the flaws in certain areas to end with recommendations for further studies. The general objective of this paper is to present the main gaps in the topic of car ownership in Latin America and identify the future research topics and methodologies.
The Current Status of Car Ownership Research in Latin America
The different literature in Latin America in the subject of sustainable mobility is not comparable with the state of the art in the developed world. International literature covers mostly Europe, Australia, and the USA and is diverse in their different topics. Recommendations and guidelines come from such studies and several policies and programs have been applied in different cities to achieve a change in the modal split. In the case of Latin America there are manuals describing the problems of dependence on cars or guidelines to change modal split but in comparison with the international findings these guidelines do not have the same scientific support due to the lack of research.
Changing the modal split in Latin American cities should be different from a developed city point of view, even when there are similarities on the behavior, the same policies could have different results. The quantity of manuals or guidelines for Latin America or at the national level is enough and covers different aspects such as the economy and the built environment. These researches are more about describing data, census or status of the cities, sometimes comparing cities to achieve a conclusion.
The different guidelines are not based on a result from numerical analyzes; it gives recommendations probably based on international studies. Most of the guidelines are with the aim of achieving sustainable mobility and only a few are with the specific subject of minimizing car dependence. It is a review of the different possibilities that cities can use to, in theory, accomplish a change on a better modal split, increase densities, avoid urban sprawl, as well as improving walkingfriendly streets, and strengthening public transportation (PT) (Baranda Sepulveda et al., 2013; Medina Ramirez and Veloz Rosas, 2012; Pardo, 2013) . Others have suggested push measures and analyzed the public acceptance via surveys to find out Table 1 . if it works, and evaluated previous push measures used in the region (Calderón, 2009; Rivasplata, 2013) . Suggestion on congestion pricing is more recommendable for cities where socioeconomic and personal preferences are significant. The manuals are good as a starting point but do not justify the reasons behind a specific travel behavior, e.g. they do not explain why city dwellers have been increasingly using personal cars, even if PT systems have been improved in some cases.
Choosing case studies for a research depends on different aspects, such as data availability and the problem aiming to investigate. Latin American studies are focused mostly on capital cities due to their economic and political importance and the tendency to be the bigger cities in the country (Cervero et al., 2009; Crotte et al., 2011; Guerra, 2014; Hanson, 1989; Jakovcevic and Steg, 2013; Ureta Icaza, 2009; Zegras, 2004; Zegras and Hannan, 2012) . Other studies have chosen cities normally with the population over a million.
The investigations are concentrated in cities such as: Bogota (Cervero et al., 2009) , Medellin (Calderón, 2009) , Buenos Aires (Jakovcevic and Steg, 2013) , Sao Paulo, Mexico City (Crotte et al., 2011; Crotte et al., 2008; Guerra, 2014 Guerra, , 2015 Hanson, 1989) , Santiago de Chile (Ureta Icaza, 2009; Zegras, 2004 Zegras, , 2010 Zegras and Hannan, 2012) . The selected cases probably are done by the available data; bigger cities currently have more information. This economic centers and demographic concentrations normally have more sources of data. Other papers concentrate in the whole region of Latin America (Clear Air Institute, 2012; Corporación Andina de Fomento, 2011; Gartner, 2014) , the work of (Corporación Andina de Fomento, 2011) is a big descriptive work of fourteen Latin American cities, the cities have certain characteristics in common, such as the size and all of them are considered large cities or megacities. There are some works on Central America such as San Jose, the capital of Costa Rica (Alpizar and Carlsson, 2003) , but these countries have not been studied for car dependence.
When a specific city is not chosen, some authors have decided to study at national or regional level (Baranda Sepulveda et al., 2013; Button et al., 1993; Gartner, 2014; Hidalgo and Huizenga, 2013; Islas Rivera et al., 2011; Medina Ramirez, 2012; Medina Ramirez and Veloz Rosas, 2012; Moctezuma Navarro, 2012; Pardo, 2013; Rivasplata, 2013; Sivak and Tsimhoni, 2008; Thomson and Bull, 2002) . National studies are useful to detect similarities between countries, but they should be used with precaution due to the generalization of the cities within the country. For example comparing GDP becomes problematic due to inequalities between the countries, an example is illustrated in Fig. 3 .
Different topics have been brought to study to understand the mobility-related behaviors. Finding relationships is interesting for urban planners due to the results and policies that they can develop. There are different areas related to mobility that have been, since many years, studied. As the international studies present socioeconomic factors have been proved to be powerful triggers, therefore scholars have focused their studies on this area. The built environment such as densities and sprawl play a role in some cities but does not mean that it is a general driver of car dependence. The importance of having studies with a diversity of topics related to mobility brings more insights.
In Latin America there is an inclination in the socioeconomic area in researching income or Gross Domestic Production (GDP), especially comparing developing countries (Gartner, 2014; Islas Rivera et al., 2011; Moctezuma Navarro, 2012; Thomson and Bull, 2002) .
The type of studies where income has intervened uses broad data such as the minimum wage or the national average, which can provide less detailed and specialized results. This variable is commonly used to investigate the causes of car ownership increase (Alpizar and Carlsson, 2003; Baranda Sepulveda et al., 2013; Button et al., 1993; Guerra, 2015; Henry and Hubert, 2000; Moctezuma Navarro, 2012; Sivak and Tsimhoni, 2008; Zegras, 2004 Zegras, , 2010 Zegras and Hannan, 2012) . Other economic factors such as accessibility of cars in terms of price are also involved (Alpizar and Carlsson, 2003; Clear Air Institute, 2012; Islas Rivera et al., 2011; Medina Ramirez, 2012; Thomson and Bull, 2002) .
The citizen profile is another area to take in consideration, as some international researches have concluded even when controlling some factors such as the built environment and adapting the different aspects for creating a perfect atmosphere to commute via PT or bike, some users will prefer the private commuting mode. These different personal preferences come from various aspects such as gender (Brennan, 2000; Ureta Icaza, 2009 ) and also the average age of the citizens by the different necessities and lifestyles that change over their life (Alpizar and Carlsson, 2003) . The analysis include some surveys or interviews in which feedback is presented about the reasons people prefer to use their personal cars, but it is difficult to understand which values are more present or powerful affecting acquiring a car such as comfort, flexibility or security (Bezerra and Taipa, 2004; Calderón, 2009; Jakovcevic and Steg, 2013; Thomson and Bull, 2002; Ureta Icaza, 2009) .
Travel behavior has a relationship with built environment according to different international studies bringing variables such as diversity, land use mix, and densities. This area has brought more numerical studies in comparison with other areas, e.g. linking land use variables with car ownership levels (Newman and Kenworthy, 1989) . Researchers have brought their studies on cities in Latin America with variables such as population density (Cervero et al., 2009; Islas Rivera et al., 2011; Medina Ramirez, 2012; Moctezuma Navarro, 2012; Zegras, 2004 Zegras, , 2010 , while job density or employment availability has also been an involved factor (Guerra, 2014; Moctezuma Navarro, 2012) . On the same area, the diversity of services is suggested to affect travel behavior; when services are not reachable in short distances.The car dependence may appear in the case of the concentration of only one or two services. For Latin American region some studies are available for Bogota and Santiago de Chile linking the diversity of land uses with the use of cars or travel behavior (Cervero et al., 2009; Guerra, 2014; Zegras, 2004; Zegras and Hannan, 2012) .
The connectivity of the city is involved to what implies: commuting times and comfort, aspects such as quantity and quality of streets can influence the citizens. In Latin America variables such as bike infrastructure (Hidalgo and Huizenga, 2013) and the design of the streets (Cervero et al., 2009; Guerra, 2014; Zegras, 2010) are investigated to see its influence on travel behavior. The availability of parking creates comfort as the road priority over PT (Alpizar and Carlsson, 2003; Clear Air Institute, 2012; Medina Ramirez, 2012; Moctezuma Navarro, 2012) . Priority on roads over PT is merely a statement based on observation, which has been more extensively developed or have been more invested. For the user, there is a decision to make concerning mobility mode; therefore some authors have investigated the road infrastructure, as previously stated, as well as the PT characteristics. Analyzing the PT qualities can give insights such as why in some cities it is losing the fight against the car. Therefore authors have included PT's aspects in their investigations such as price, commuting times, quality, punctuality, coverage, etc. (Alpizar and Carlsson, 2003; Cervero et al., 2009; Hidalgo and Huizenga, 2013; Thomson and Bull, 2002; Zegras, 2004; Zegras and Hannan, 2012) .
Travel behavior is a wide topic, as some author pursue investigation of mobility in general aspects or the current problems emerging (Blanco, 2005; Calderón, 2009; Corporación Andina de Fomento, 2011; Henry and Hubert, 2000; Hidalgo and Huizenga, 2013; Pardo, 2013; Thomson and Bull, 2002) . Other has been more specific and narrow to analyze and understand why people commute in a certain way, for example walk or bike (Bezerra and Taipa, 2004; Cervero et al., 2009; Zegras, 2004) or motives to use PT (Crotte et al., 2011) . However, some of the studies have a broad topic, general basis on sustainable mobility or trend studies about motorization and only some studies have narrowed the topic to find factors for the car ownership increase.
The real problem is the increasing motorization of Latin American cities, the involvement of different factors has been studied using various approaches (Alpizar and Carlsson, 2003; Clear Air Institute, 2012; Crotte et al., 2008; Gartner, 2014; Guerra, 2014 Guerra, , 2015 Hanson, 1989; Islas Rivera et al., 2011; Moctezuma Navarro, 2012; Ureta Icaza, 2009; Zegras, 2010; Zegras and Hannan, 2012) , which are modest in comparison with broader topics.
The methodologies used for these specific studies are in its majority descriptive using case studies on specific areas as previously explained. Only a few numerical works are available for the region, using statistical analytical methods such as chi-square, multinominal logit modeling, generalized method of moments, intraclass correlation, etc. (Alpizar and Carlsson, 2003; Button et al., 1993; Crotte et al., 2008; Guerra, 2014 Guerra, , 2015 Hanson, 1989; Sivak and Tsimhoni, 2008; Zegras, 2010; Zegras and Hannan, 2012) .
Discussion
Sustainable mobility as a topic has been studied by different authors and Latin America is no exception. The current problems that the region face come from different backgrounds; and the changes in the modal split to car orientated are present in most of the countries in Latin America. The negative consequences of the car are clearly established and further investigation for the region is pointless unless a deep investigation on the reasons behind is needed.
The motorization rates in Latin America have been studied with different approaches and case studies, the topic is not new or unknown but in general, the approaches have a lack on empirical work and diversity of case studies. The different guidelines or manual for Latin America are present with the trend of describing the cities, comparing data and giving an analysis of the status quo. Still there is not enough solid work for answering why motorization trends are increasing.
Most of the existing literature has taken the descriptive approach. Most all of the literature has been focused on describing the problem, but its roots are unclear. These methods have indeed brought answers to open a deeper investigation on some subjects, recommendations can be made to establish connections, but these studies and the lack of empirical results have a weakness due to the unfounded statement.
The reasons behind the increase in car ownership rates are still unknown for most of the cities in Latin America; still there are guidelines for achieving sustainable mobility or avoiding car dependence. Proposing a solution before knowing the cause is not optimal; international studies can give a starting point, but more in deep studies are necessary.
Every city is different; since a there might be a wide range of differences between the cities from culture to economic activities and geographic characteristics. Most of the work done has been focused on capital cities or metropolitan areas due to their importance and the quantity of inhabitants that they hold. Other reason behind is the availability of data, smaller cities can be problematic to study due to the lack of previous census and statistics. Then smaller cities have been neglected from being studied, and with a little research about them. Decision makers of these cities have to work with guidelines that are mainly for bigger cities with completely different scenarios of what a smaller city present. If medium and smaller cities are behaving in the same matter should be justified.
Assuming that similarly behave of cities is valid in certain ranges, but comparing a capital city with the population over 5 million with a medium-sized city with economic actives and a different urban form is not suitable. Intermediate cities and less populated ones have a lack of research probably due to the lack of available data and that all the efforts are on bigger cities.
The preference on the studied cities is not also for the size of cities, it is also for some countries such as Central and South American states such as Ecuador, Peru, Paraguay and Bolivia. The lack of research on car dependence can be justified due to the low cars per 1,000 inhabitants as shown in Table 1 and 2. Still travel behavior should be studied to avoid a further problem in those countries.
The other approach that these studies have taken is to analyze national data. National data are good for an overview, but the fact is that there are countries with a diversity of cities and inequalities such as income or size of the city.
As mentioned above, lack of suitable data has been a major obstacle against conduction of in-depth studies. The aggregation level of the available census data is not suitable for the development of comprehensive disaggregate models in many cases. Complication of providing disaggregate data to show individual behaviors and choices has led to a willingness towards aggregate and descriptive studies (Clear Air Institute, 2012; Corporación Andina de Fomento, 2011; Gartner, 2014; Hidalgo and Huizenga, 2013; Islas Rivera et al., 2011; Ureta Icaza, 2009 ) and guidelines lacking foundation for specific cases (Baranda Sepulveda et al., 2013; Bezerra and Taipa, 2004; Calderón, 2009; Medina Ramirez, 2012; Medina Ramirez and Veloz Rosas, 2012; Pardo, 2013; Rivasplata, 2013) , while disaggregate modeling has been neglected.
From international studies, some areas of study are taken for granted that affect travel behavior such as socioeconomic factors, built environment and personal preferences. On socioeconomic area there is a common analyzed factor: average income per capita (Alpizar and Carlsson, 2003; Button et al., 1993; Guerra, 2015; Henry and Hubert, 2000; Moctezuma Navarro, 2012; Sivak and Tsimhoni, 2008; Zegras, 2010; Zegras and Hannan, 2012) . This variable along with GDP (Button et al., 1993; Gartner, 2014; Moctezuma Navarro, 2012; Sivak and Tsimhoni, 2008) has been presented as a reason for increasing the motorization rates, but the last variable as previously mentioned is at national level which is not adequate for establishing a valid reason for all the cities of the country due to its broad implication.
Some which has not been so in deep studied are personal preferences. Only some surveys and interviews have been presented in order to have some feedbacks about why it is important to people to have a car. In the case scientific research indicates that personal preferences are stronger than the built environment, urban planners have to make a completely different approach on their strategy.
The built environment has been studied but not so deep as socioeconomic factors. There is a lack of studies related to car ownership and urban transformation i.e. urban sprawl. As many studies recommend avoiding urban sprawl due to its consequences such as car dependence, this argument has not been so much studied in Latin America to be as concrete like in international studies. The little research about this topic employs descriptive analysis approach with a lack of empirical support. Diversity is mentioned in the guidelines as a positive aspect to have; high diversity of services per area encourages walking or biking. However, the relation between land use mix and the car dependence is still not proven in the region, a few studies are based on land use but as already stated for big cities (Cervero et al., 2009; Zegras and Hannan, 2012) . The same goes for variables such as densities (population, employment, etc.) (Guerra, 2014; Moctezuma Navarro, 2012; Zegras, 2004) This is constantly presented in the recommendations or in the descriptive analysis of the cities, but it rarely results from a numerical approach. The built environment has been indeed discussed, but there is a lack of studies related to car dependence and numerical approaches.
Accessibility and efficiency of transport infrastructure and PT quality (including vehicle quality, convenience, and comfort) seem to be varying. Some findings indicate that while people have a better income, they change quickly to private transport. Indeed, the different aspects do not work alone, and assuming that only a factor is the reason behind car dependence is illogical. The relationship between different variables has not been fully developed and is still difficult to define which factors have more influence than others. Therefore, an analysis to identify the determinants and statistically analyze their importance and their relationships between them is needed.
Conclusions
Mobility in Latin America has become a topic that has been studied in the last decades, since guidelines to empirical studies. But the lack of diversity in the studies can lead to misinterpretations such as assumptions to generalize the results to a wide range of cities and the causes behind their mobility problems. Urban mobility has been studied as a broad topic and only a few take the specific topic of car dependence.
The studies show a clear tendency for large or capital cities, neglecting Central America and a few countries in South America. The countries that are studied show a clear preference to the capitals or metropolitan areas, with the little research for medium and small cities. From the topics also some variables have been more studied such as economic factors. Built environment variables are not so in-depth studied and mostly approached with a descriptive work. The same is for areas such as road infrastructure and PT qualities. Personal preferences is an area not so studied and only a few studies about perceptions about the car have been done before. The analysis maintains a descriptive method. Further research is necessary.
The present paper suggests new studies take statistical analysis approaches based on disaggregate data, focusing on the individual and household preferences and lifestyles towards car ownership. Geographically, small and mid-sized cities especially those located in Central America and some of the lessstudied contexts can be targeted as a research priority.
